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^ (57) Abstract: A relay device (30) receives a standard radio wave transmitted from a transmitting station (10) and containing time 

^5 data, i.e. a time code. The device (30) transmits a relayed radio wave containing the time code received, at a first intensity. When 
the device (30) receives a transmission command code transmitted from a time-data receiving apparatus (50), it transmits the relayed 
radio wave for a predetermined time (10 minutes) at a second intensity that is lower than the first intensity. When a time-correction 

Q switch is operated, the time-data receiving apparatus (50) transmits a transmission command code to the relay device (30) . The 
time-data receiving apparatus (50) receives the relayed radio wave transmitted at the second intensity from the relay device (30) in 

\^ response to the command code and corrects the time on the basis of the time code it has received. 
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DESCRIPTION 

TIME-DATA TRANSMITTING APPARATUS AND TIME-CORRECTING SYSTEM 

Technical Field 
The present invention relates to a time-data transmitting 
5 apparatus and a time-correcting system. 

Background Art 
In Japan, two standard-time wave signals of 40 kHz and 
60 kHz, each containing time data, i.e., a time code, are 
transmitted at present from two transmission stations (in 
10 Fukushima and Saga Prefectures). FIG. 9 shows the format of 
the time code contained in these standard-time wave signals. 

The time code shown in FIG. 9 is transmitted every minute, 
in the form of a 60-second frame. The code has a start marker 
(M) that indicates the start time (i.e., the 0 th second of any 
15 minute) of the 60-second frame. The start marker (M) has a pulse 
width of 0 . 2 seconds . The code also has position markers having 
a pulse width of 0 . 2 seconds . The position markers are arranged 
at the 9 th second (PI) , the 19 th second (P2) , the 29 th second (P3) , 
the 39 th second (P4) , the 49 th second (P5) , and the 59 th second 
20 (P0), respectively. Thus, two markers, i.e., one start marker 
(M) and one position marker (P0) , each having a pulse width of 
0 . 2 seconds , are arranged at the boundary between any two adj acent 
frames. The start of a new frame can be recognized from these 
two markers. The start marker (M) is the frame reference marker 
25 (M) . The leading edge of the pulse represented by the frame 
reference marker (M) is the accurate time of updating the 
minute-place of the current time. In the frame, the data items 
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representing the minute, hour and day (counted from January 1) , 
year (the lowest two digits of the Christian era) , day of the 
week, and the like are arranged in the 0 th to 9 th second bracket, 
the 10 th to 19 th second bracket, and 30 th to 40 th second bracket, 
5 each in the form of binary-coded decimal numbers . In this case, 
logic 1 and logic 0 are represented by a pulse having a width 
of 0,5 seconds and a pulse having a width of 0.8 seconds, 
respectively. Note that the frame shown in FIG. 9 indicates 
the data representing 17:25 of the 114 th day of the year. 

10 In recent years, so-called radio-wave clocks have come 

into practical use . A radio-wave clock receives a standard-time 
wave signal containing such a time code as described above. In 
the clock, the signal is used to correct the time data set in 
the time-measuring circuit . The radio-wave clock incorporates 

15 an antenna, which receives standard-time wave signals at 

predetermined intervals. Each signal received is amplified 
and modulated. The time code contained in the signal is decoded 
and used to correct the time data set in the time measuring circuit . 

Electronic-wave clocks of this type are installed usually 

20 in rooms. If they are installed in steel-framed houses or in 
the basement, they cannot receive standard-time wave signals 
in many cases . To solve this problem, a system has been proposed, 
as disclosed in Jpn. Pat. Appln. Laid-Open Publication No. 
2000-75064. In the system, a relay device is provided that 

25 receives standard-time wave signals and modulates the time code 
contained in each wave signal with a predetermined carrier wave, 
and transmits the wave signals each containing a modulated time 
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code to the radio-wave clock. The time code is used to correct 
the time data set in the clock. 

When the radio-wave clock is near the relay device, however, 
the relayed wave signal it receives is too intensive. Therefore, 
5 the clock cannot receive the time code in normal way. 

Consequently, an error may occur in correcting the time data 
set in the radio-wave clock. 

Disclosure of the Invention 
An object of this invention is to receive a radio wave 

10 in normal way from a relay device and to correct the time reliably 
in accordance with the time code contained in the radio wave. 
To achieve the object described above, a time-data transmitting 
apparatus according to this invention comprises: a 
transmission-demand signal receiving portion (37) which 

15 receives a weak-wave transmission-demand signal; and a 

transmission control portion (38,39) which transmits a radio 
wave containing time data, at a predetermined time at a first 
intensity, and a radio wave containing the time data, at a second 
intensity lower than the first intensity, when the 

20 transmission-demand signal receiving portion (37) receives the 
weak-wave transmission-demand signal. 

The time-data transmitting apparatus according to the 
present invention can transmit radio waves each containing a 
time code, at the first intensity. When it receives a weak-wave 

25 transmission-demand signal, it can transmit the radio wave 
containing a time code, at the second intensity that is lower 
than the first intensity. This makes it possible to correct 
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the time in any nearby radio-wave clock. 

Brief Description of the Drawings 
FIG. 1 is a diagram showing a time-correcting system; 
FIG. 2 is a block diagram illustrating the internal 
5 structure of a relay device shown in FIG. 1; 

FIG. 3 is a block diagram depicting the internal structure 
of each time-data receiving apparatus shown in FIG. 1; 

FIG. 4 is a flowchart explaining how the relay device 
operates in a first embodiment of the invention; 
10 FIG. 5 is a flowchart explaining how the time-data 

receiving apparatus operates in the first embodiment ; 

FIGS. 6A and 6B are diagrams illustrating two ROMs, 
respectively, which are incorporated in the relay device and 
time-data receiving apparatus of a second embodiment of the 
15 invention; 

FIG. 7 is a flowchart explaining how the relay device 
operates in the second embodiment of the invention; 

FIG. 8 is a flowchart explaining how the time-data 
receiving apparatus operates in the second embodiment; and 
20 F IG. 9 is a diagram representing the format of a time code. 

Best Mode for Carrying Out the Invention 
Embodiments of the present invention will be described 
in detail, with reference to the accompanying drawings. 

FIG. 1 shows a time-correcting system 1 according to the 
25 present invention. 

As FIG. 1 shows, the time-correcting system 1 comprises 
mainly a transmitting station 10, a relay device 30, and so-called 
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radio-wave clocks 50. The transmitting station 10 transmits 
a standard radio wave containing a time code (hereinafter called 
"'standard time code") that represents the standard time. The 
relay device 30 receives the standard radio wave from the 
5 transmitting station 10 and measures the current time from the 
standard radio wave . Then, the relay device 30 transmits a radio 
wave (hereinafter called "relayed radio wave") that contains 
the time code (hereinafter called "relayed time code") read from 
the standard radio wave. The radio-wave clocks 50 (hereinafter 

10 referred to as "time-data receiving apparatuses") are, for 
example, a table clock 50a or/and a wristwatch 50b, which receive 
the standard radio wave from the transmitting station 10 and 
correct the time. 

The relay device 30 is configured to receive the standard 

15 radio wave transmitted from the station 10, measures the current 
time from the standard radio wave and transmits the relayed radio 
wave at a predetermined electric-field intensity (hereinafter 
referred to as "first intensity") . The relay device 30 may 
receive a transmission-start command code (i.e., weak-wave 

20 transmission-demand signal) transmitted from the time-data 
receiving apparatuses 50 . Alternatively, a switch, for example , 
may be operated to change the electric-field intensity at which 
to transmit the relayed radio wave. In either case, the relay 
device 30 transmits the relayed radio wave for a prescribed time 

25 at an electric— field intensity (hereinafter referred to as 
"second intensity") that is lower than the first intensity. 

The time-data receiving apparatuses 50 are configured to 
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communicate with the relay device 30 . They receive the relayed 
radio wave transmitted from the relay device 30 if they cannot 
receive the standard radio wave transmitted from the station 
10 for a time longer than a predetermined time. The time-data 
5 receiving apparatuses 50 measure and correct the current time 
in accordance with the relayed radio wave received. When the 
switch is operated, for example, to correct the time, the 
receiving apparatuses 50 transmit the transmission-start 
command code to the relay device 30 . Upon receipt of the command 
10 code, the relay device 30 transmits the relayed radio wave . The 
receiving apparatuses 50 receive the. relayed radio wave and 
measure and correct the current time in accordance with the 
relayed radio wave. 

The range over which the transmission-start command code 
15 is transmitted will be described. As described above, the 
shorter the distance between the time-data receiving apparatuses 
50 and the relay device 30, the higher electric-field intensity 
at which the receiving apparatuses 50 receive the relayed radio 
wave. When the distance decreases to a predetermined distance, 
20 the time-data receiving apparatuses 50 can no longer receive 
the relayed radio wave in normal way . The predetermined distance 
is the longest range over which the transmission-start command 
code transmitted from the time-data receiving apparatuses 50 
can be received by the relay device 30. This range is the range 
25 of transmission for the transmission-start command code. Hence, 
the relay device 30 receives the transmission-start command code 
when the time-data receiving apparatuses 50 cannot receive the 
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relayed radio wave in normal way. 

A first embodiment of this invention will be described 
with reference to FIG. 2 to 5. 

The structure of the first embodiment will be described 

first. 

FIG. 2 is a block diagram illustrating the internal 
structure of a relay device 30 for use in the first embodiment. 

As FIG. 2 shows, the relay device 30 comprises a CPU 31, 
a switch unit 32, a display unit 33, an oscillation circuit 34, 
a frequency-dividing circuit 35, a time-measuring circuit 36, 
a receiving circuit 37, a receiving antenna 37a, a transmitting 
circuit 38, a transmitting antenna 38a, an output control circuit 
39, a ROM 40, and a RAM 41. 

In response to an operation signal or the like input at 
a prescribed time or from the switch unit 32, the CPU 31 reads 
various programs from the ROM 40 and writes them into the RAM 
41. The CPU 31 then executes processes in accordance with the 
programs, thereby to control the other components of the relay 
device 30. Particularly in the first embodiment, the CPU 31 
executes the transmission-intensity switching process (1) (see 
FIG. 4) in accordance with the transmission-intensity switching 
program (1) 40a stored in the ROM 40. 

The switch unit 32 comprises various switches including 
a forced-switching switch that is manually operated to change 
the transmission intensity of the relayed radio wave from the 
first intensity to the second intensity. When operated, the 
switches generate operation signals . The operation signals are 
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output to the CPU 31. 

The display unit 33 is a display such as an LCD (Liquid 
Crystal Display) or the like. It displays the current time in 
digits, in response to a display signal supplied from the CPU 
31. 

The oscillation circuit 34 comprises, for example, aquartz 
oscillator. It outputs a clock signal of a constant frequency 
to the frequency-dividing circuit 35 at all times. 

The frequency-dividing circuit 35 counts the pulses of 
the clock signal input from the oscillation circuit 34 . Every 
time the circuit 35 counts a number of pulses that corresponds 
to one minute, it outputs a one-minute signal to the 
time-measuring circuit 36. 

The time-measuring circuit 36 counts the one-minute 
signals input from the frequency-dividing circuit 35, thereby 
generating current-time data that represents the current date 
and the hour, minute and second of the current time. The CPU 
31 corrects, if necessary, the current-time data generated in 
the time-measuring circuit 36, on the basis of the standard time 



The receiving circuit 37 may receive, via the receiving 
antenna 37a, the standard radio wave transmitted from the 
transmitting station 10 in response to an instruction or the 
like input from the CPU 31. The circuit 37 may receive, via 
the receiving antenna 37a, a transmission-start command code 
transmitted from any time-data receiving apparatus 50. In 
either case, the receiving circuit 37 detects and extracts a 
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signal of a predetermined frequency from the signal it has 
received. 

When the receiving circuit 37 receives the standard radio 
wave, it extracts the standard time code from the extracted signal 
5 of the predetermined frequency . The standard time code contains 
data items necessary for the time-measuring function. These 
data items are a standard-time code, an accumulated-day code, 
a day-of-week code, and the like. The standard time code is 
output to the CPU 31. The receiving circuit 37 outputs a 

10 transmission-start signal to the CPU 31 when it receives the 
transmission-start command code. 

The transmitting circuit 38 receives a relay time code 
from the CPU 31 and adds it to the carrier wave, thus providing 
a relay radio wave. The relay radio wave is transmitted from 

15 the transmitting circuit 38 via the transmitting antenna 38a. 

The output control circuit 39 controls the electric- field 
intensity of the relay radio wave to be transmitted from the 
transmitting circuit 38 via the transmitting antenna 38a, in 
accordance with an intensity-switching signal input from the 

20 CPU 31. More precisely, the circuit 39 controls the 

electric-field intensity at the first intensity (i.e., normal 
output) or at the second intensity that is lower than the first 
intensity. 

The ROM 40 stores not only various initial set values and 
25 initial programs, but also programs and data that enable the 
relay device 30 to perform various functions. Particularly in 
the first embodiment, the ROM 40 stores the 
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transmission-intensity switching program (1) 40a. 

The RAM 41 has a data-storage area for temporarily storing 



various programs to be executed by the CPU 31, data to be used 
in executing these programs, and the like. Particularly in the 
5 first embodiment, the RAM 41 has a standard-time code area 41a 
for holding the standard time code, a weak-wave transmission 
flag area 41b for holding a weak-wave transmission flag, and 
a weak-wave transmission time area 41c for holding a weak-wave 
transmission time. 



flag is set at "0" to transmit the relay radio wave at the first 
intensity, and at "1" to transmit the relay radio wave at the 
second intensity. 

15 The weak-wave transmission time is the time that elapses 

from the start of the transmission of the relay radio wave at 
the second intensity. The data representing the weak-wave 
transmission time is stored in units of minutes, in the weak-wave 
transmission time area 41c. 

20 FIG. 3 is a block diagram depicting the internal structure 

of each time-data receiving apparatus 50 used in the first 
embodiment . 

As FIG. 3 shows, each time-data receiving apparatus 50 
comprises a CPU 51, a switch unit 52, a display unit 53, an 
25 oscillation circuit 54, a frequency-dividing circuit 55, a 
time-measuring circuit 56, a receiving circuit 57, a receiving 
antenna 57a, a transmitting circuit 58, a transmitting antenna 



10 



The weak-wave transmission flag is a flag that indicates 
the intensity of the relay radio wave. More specifically, this 
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58a, a ROM 59, and a RAM 60. 

In response to an operation signal input at a prescribed 
time or from the switch unit 52, the CPU 51 reads various programs 
from the ROM 59 and writes them into the RAM 60. The CPU 51 
5 then executes processes in accordance with the programs, thereby 
to control the other components of the time-data receiving 
apparatuses 50. Particularly in the first embodiment, the CPU 
51 executes the time-correcting process (1) (see FIG. 5) in 
accordance with the time-correcting program (1) 59a stored in 
10 the ROM 59. 

The switch unit 52 comprises various switches including 
a time-correcting switch that is manually operated to start the 
time correction that is performed on the basis of the relayed 
radio wave. When operated, the switches generate operation 
15 signals. The operation signals are output to the CPU 51*. 

The display unit 53 is a display such as an LCD (Liquid 
Crystal Display) or the like. It displays the current time in 
digits, in response to a display signal supplied from the CPU 
51. 

20 The.oscillation circuit 54 comprises, for example, a quartz 

oscillator. It outputs a clock signal of a constant frequency 
to the frequency-dividing circuit 55 at all times. 

The frequency-dividing circuit 55 counts the pulses of 
the clock signal input from the oscillation circuit 54. Every 

25 time the circuit 55 counts a number of pulses that corresponds 
to one minute, it outputs a one-minute signal to the 
time-measuring circuit 56. 
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The time-measuring circuit 56 counts the one-minute 
signals input from the frequency-dividing circuit 55, thereby 
generating current-time data that represents the current date 
and the hour, minute and second of the current time. The CPU 
5 51 corrects, if necessary, the current-time data generated in 
the time-measuring circuit 56, on the basis of the standard time 
code or the relayed time code. 

The receiving circuit 57 may receive, via the receiving 
antenna 57a, the standard radio wave transmitted from the 
10 transmitting station 10 in response to an instruction or the 
like input from the CPU 51. The circuit 57 may receive, via 
the receiving antenna 57a, the relayed radio wave transmitted 
from the relay device 30 . In either case, the receiving circuit 
57 detects and extracts a signal of a predetermined frequency 
15 from the signal it has received. 

When the receiving circuit 57 receives the standard radio 
wave or the relayed radio wave, it extracts the standard time 
code or relayed time code from the extracted signal of the 
predetermined frequency. The standard time code or the relayed 
20 time code contains data items necessary for the time-measuring 
function. These data items are a standard-time code, an 
accumulated-day code, a day-of-week code, and the like. The 
standard time code or the relayed time code is output to the 
CPU 51. 

25 The transmitting circuit 58 receives a transmission-start 

signal from the CPU 51 and adds it to the carrier wave, thus 
providing a transmission-start command code. The 
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transmission-start command signal is transmitted via the 
transmitting antenna 58a. 

The ROM 59 stores not only various initial set values and 
initial programs, but also programs and data that enable the 
5 time-data receiving apparatus 50 to perform various functions - 
Particularly in the first embodiment, the ROM 59 stores the 
time-correcting program (1) 59a. 

The RAM 60 has a data-storage area for temporarily storing 
various programs to be executed by the CPU 51, data to be used 
10 in executing these programs, and the like. Particularly in the 
first embodiment, the RAM 60 has a standard- time code area 60a 
for holding the standard time code, a relayed time code area 
60b for holding the relayed time code, an elapsed correction 
time area 60c for holding an elapsed correction time, and a 
15 correction flag area 60d for holding a correction flag. 

The elapsed correction time is the time that has elapsed 
from the previous time correction achieved in accordance with 
the standard radio wave. It is stored in units of hours, in 
the elapsed correction time area 60c. 
20 The correction flag is a flag that indicates whether the 

time should be corrected on the basis of the relayed radio wave. 
That is, it indicates whether or not the relayed radio wave must 
be received. More specifically, this flag is set at *1" if the 
relayed radio wave should be received, and at "0" if the relayed 
25 radio wave need not be received. 

The operation of the first embodiment will be described. 
FIG. 4 is a flowchart explaining how the relay device 30 
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operates in the first embodiment. The relay device 30 operates 
under the control of the CPU 31 in accordance with the 
transmission- intensity switching program (1) 40a that is stored 
in the ROM 40. 

5 As FIG. 4 shows, the CPU 31 monitors the current-time data 

generated by the time-measuring circuit 36 . If it is determined 
that the current time is at the 0 th second of any minute (Step 
Sll: YES), the CPU 31 determines whether the weak-wave 
transmission flag is set at "0" or not. If the weak-wave 

10 transmission flag is set at "0" (Step S12 : YES) , the CPU 31 outputs 
an intensity-switching signal to the output control circuit 39. 
The transmission intensity for the relayed radio wave is set 
at the "first intensity" (Step S16) . 

If the weak-wave transmission flag is set at "1" (Step 

15 S12: NO), it is determined whether the time for transmitting 
a weak radio wave is "10" or not, that is, whether or not ten 
minutes have passed from the start of transmitting the relay 
radio wave at the second intensity. If ten minutes have passed 
(Step S13; YES) , the CPU 31 sets the weak-wave transmission flag 

20 to "0" (Step S14) . The CPU 31 updates the weak-wave transmission 
time to "0" (Step S15) . The CPU 31 then outputs an 
intensity-switching signal to the output control circuit 39, 
thereby setting the transmission intensity for the relayed radio 
wave to the "first intensity" (Step S16) . 

25 The weak-wave transmission time may be less than "10," 

that is tenminutes have not passed since the start of transmission 
of the relay radio wave at the second intensity (Step S13: NO) . 
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In this case, the CPU 31 updating the weak-wave transmission 
time, adding "one minute" to the weak-wave transmission time 
(Step S17) . Then, the CPU 31 outputs an intensity-switching 
signal to the output control circuit 39, thereby setting the 
5 transmission intensity for the relayed radio wave to the "second 
intensity" (Step S18) . 

After setting the transmission intensity for the relayed 
radio wave in accordance with the weak-wave transmission flag, 
the CPU 31 performs a process to transmit a relayed time code. 

10 That is, it generates a relay time code from the current-time 
data generated by the time-measuring circuit 36 and outputs the 
relay time code to the transmitting circuit 38 (Step S19) . The 
transmitting circuit 38 transmits, via the transmitting antenna 
38a, the relayed radio wave containing the relay time code at 

15 the transmission intensity thus set. 

Next, the CPU 31 determines whether the current time is 
at the 0 th minute of any hour, from the current-time data generated 
by the time-measuring circuit 36. If the current time is found 
to be at the 0 th minute of the hour (Step 20: YES), the CPU 31 

20 determines whether the hour is an even-numbered one or not. If 
the hour is found to be an even-numbered one (Step S21: YES), 
the CPU 31 executes a process to receive the standard radio wave 
(Step S22) . If the relay device 30 receives the standard radio 
wave in (Step S23: YES) , the current-time data generated by the 

25 time-measuring circuit 36 is corrected on the basis of the 
standard time code contained in the standard radio wave received 
(Step S24) . Thereafter, the CPU 31 executes a process, causing 



WO 2004/057428 ^^T/JP2003/0 15740 

16 

the display unit 33 to display the current time thus corrected 
(Step S25) . The operation then returns to Step Sll. 

The current time may be found not to be at the 0 th second 
of any minute (Step Sll: NO) . In this case, the CPU 31 determines 
5 whether the relay device 30 has received a transmission-start 
command code. If it is determined that the relay device 30 has 
received a transmission-start command code (Step S26: YES) , the 
CPU 31 sets the weak-wave transmission flag to "1" (Step S27) . 
The operation then returns to Step Sll. 

10 FIG - 5 is a flowchart explaining how each time-data 

receiving apparatus 50 operates in the first embodiment. The 
time-data receiving apparatus 50 operates under the control of 
the CPU 51 in accordance with the time-correcting program (1) 
59a that is stored in the ROM 59. 

15 As FIG. 5 shows, the CPU 51 monitors the current-time data 

generated by the time-measuring circuit 56 . If it is determined 
that the current time is at the 0 th minute of any hour (Step 
S31: YES) , the CPU 51 updates the elapsed correction time, adding 
"one hour" to the elapsed correction time (Step S32) . Then, 

20 the CPU 51 determines whether the hour is an even-numbered one 
or not (Step S33) . If the hour is found to be an even-numbered 
one (Step S33: YES) , the CPU 51 executes the following sequence 
of steps, every two hour. 

First, the CPU 51 executes a process to receive the standard 

25 radio wave (Step S34) . If the time-data receiving apparatus 
50 receives the standard radio wave in success (Step S35: YES) , 
the current-time data generated by the time-measuring circuit 
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56 is corrected on the basis of the standard time code contained 
in the standard radio wave received (Step S36) . Then, the CPU 
51 sets the correction flag to "0" (Step S37) and updates the 
elapsed correction time to "0" (Step S3 8) . 
5 The time-data receiving apparatus 50 may fail to receive 

the standard radio wave in success (Step S35 : NO) . In this case, 
the CPU 51 determines how long the elapsed correction time is. 
If the elapsed correction time has reached "24," or if the time 
has not been corrected for 24 hours on the basis of the standard 

10 radio wave (Step S39: YES) , the CPU 51 sets the correction flag 
to X> 1" (Step S40) . 

If the hour is found not to be an even-numbered one (Step 
S33 : NO) , the CPU 51 determines whether the hour is an odd-numbered 
one or not. If the hour is an odd-numbered one (Step S41: YES) , 

15 the CPU 51 determines whether the correction flag is set to " 
If the correction flag is set to "1" (Step S42: YES) , the CPU 
51 executes a process to receive the relayed radio wave (Step 
S43) . If the time-data receiving apparatus 50 receives the 
relayed radio wave in success (Step S44: YES) , the current-time 

20 data generated by the time-measuring circuit 56 is corrected 
on the basis of the relayed time code contained in the relayed 
radio wave received (Step S45) . 

Next, the CPU 51 executes a process, causing the display 
unit 53 to display the current time that has been corrected on 

25 the basis of the standard radio wave or the relayed radio wave 
(Step S51) . The CPU 51 then performs a key process in accordance 
with operation signals input from the switch unit 52. If the 
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CPU 51 receives an operation signal from the time-correcting 
switch included in the switch unit 52, it turns on the 
forced-switching switch also included in the switch unit 52 (Step 
S52) . The operation then returns to Step S31. 
5 If the current time is found not to be at the 0 th minute 

of any hour (Step S31: NO), the CPU 51 determines whether the 
forced-switching switch is ON. If the forced-switching switch 
is found to be "ON" (Step S46: YES) , the CPU 51 executes a process 
to transmit a transmission-start command code. That is, the 
10 CPU 51 outputs a transmission-start command signal to the 

transmitting circuit 58, causing the transmitting circuit 58 
to transmit a transmission-start command code based on the 
transmission-start command signal via the transmitting antenna 
58a (Step S47) . 

15 Thereafter, the CPU 51 executes a process to receive the 

relayed radio wave (Step S48) . If the time-data receiving 
apparatus 50 receives the relayed radio wave in success (Step 
S49: YES) , the current-time data generatedby the time-measuring 
circuit 56 is corrected on the basis of the standard time code 

20 contained in the relayed radio wave received (Step S50) . Then, 
the CPU 51 performs a process to display the time, causing the 
display unit 53 to display the current time that has been corrected 
(Step S51) . Further, the CPU 51 then performs a key process 
in the same way as indicated above (Step S52) . The operation 

25 then returns to Step S31. 

In the first embodiment, the relay device 30 transmits 
the relayed radio wave at the first intensity and monitors the 
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receipt of a transmission-start command code, as has been 
described above. When the relay device 30* receives a 
transmission-start command code, it can transmit the relayed 
radio wave at the second intensity lower than the first intensity, 
5 for ten minutes. 

Each time-data receiving apparatus 50 receives the 
standard radio wave and the relayed radio wave alternately, every 
hour . It corrects the time on the basis of the time code received . 
It also determines whether the time-correcting switch has been 
10 operated or not. When the time-correction switch is operated, 
the time-data receiving apparatus 50 transmits a 
transmission-start command code and receives the relayed radio 
wave at the second intensity. It then corrects the time in 
accordance with the time code received. 
15 Hence, each time-data receiving apparatus 50 can receive 

the relayed radio wave at a weakened electric-field intensity 
when the time-correction switch is operated. It can therefore 
correct the time with accuracy. 

A second embodiment of this invention will be described 
20 with reference to FIG. 6 to 8. 

The second embodiment is characterized in that the relay 
device and each time-data receiving apparatus have a switch that 
can be operated by a user. When the switch provided on the relay 
device is operated, the relay device switches the electric-field 
25 intensity for the relayed radio wave, form the first intensity 
to the second intensity. When the switch provided on each 
time-data receiving apparatus is operated, the time-data 
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receiving apparatus can receive a relayed radio wave at the second 
intensity. 

The relay device of the second embodiment differs from 
that of the first embodiment, in that ROM 42 shown in FIG. 6A 
5 is used in place of the ROM 40 shown in FIG. 2. Each time-data 
receiving apparatus differs from that of the first embodiment, 
in that ROM 61 is used in place of the ROM 59 depicted in FIG. 
3. The components identical to those of the first embodiment 
are designated at the same reference numerals and will not be 
10 described in detail. 

FIG. 6A is a diagram illustrating the ROM 42 incorporated 
in the relay device of the second embodiment . FIG . 6B is a diagram 
showing the ROM 61 incorporated in each time-data receiving 
apparatus of the second embodiment. The ROM 42 stores a 
15 transmission-intensity switching program (2) 42a. The ROM 61 
stores a time-correcting program (2) 61a. 

The operation of the second embodiment will be described. 
FIG. 7 is a flowchart explaining how the relay device 30 
operates in the second embodiment . The relay device 30 operates 
20 under the control of the CPU 31 in accordance with the 

transmission-intensity switching program 42a that is stored in 
the ROM 42. The steps identical to those shown in FIG. 2 (first 
embodiment) are designated at the same step notations (i.e., 
stepnumbers) and will not be explained. Only the steps different 
25 will be mainly described. 

As FIG. 7 shows, if the CPU 31 determines that the current 
time is not at the 0 th second of any minute (Step Sll: NO), it 
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will determine whether the forced-switching switch has been 
operated. If the forced-switching switch is operated and the 
switch unit 32 generates an operation signal (Step T26: YES) , 
the CPU 31 sets the weak-wave transmission flag to "1" (Step 
5 S27) . The operation then returns to Step Sll. 

FIG. 8 is a flowchart explaining how each time-data 
receiving apparatus 50 operates in the second embodiment. The 
time-data receiving apparatus 50 operates under the control of 
the CPU 51 in accordance with the time-correcting program 61a 

10 that is stored in the ROM 61. The steps identical to those shown 
in FIG. 3 (first embodiment) are designated at the same step 
notations (i.e. , step numbers) and will not be explained. Only 
the steps different will be mainly described. 

As FIG. 8 depicts, if it is determined in Step S31 that 

15 the current time, is not at the 0 th minute of any hour (Step S31: 
NO) , the CPU 51 determines whether the forced- switching switch 
is ON. If the forced-switching switch is found to be ON (Step 
S46: YES) , the CPU 51 executes a process to receive the relayed 
radio wave. 

20 If the time-data receiving apparatus 50 receives the 

relayed radio wave in success (Step S49 : YES) , the CPU 51 corrects 
the current-time data generated by the time-measuring circuit 
56, on the basis of the standard time code contained in the relayed 
radio wave received (Step S50) . Then, the CPU 51 performs a 

25 process todisplay the time, causing the display unit 53 to display 
the current time that has been corrected (Step S51) . Further, 
the CPU 51 then performs a key process in the same way as indicated 
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above (Step S52) . The operation then returns to Step S31. 

In the second embodiment, the relay device 30 transmits 
the relayed radio wave at the first intensity and monitors the 
operation of the forced-switching switch, as has been described 
5 above. When the forced- switching switch is operated, the relay 
device 30 transmits the relayed radio wave at the second intensity 
lower than the first intensity, for ten minutes. 

Each time-data receiving apparatus 50 receives the 
standard radio wave and the relayed radio wave alternately, every 

10 hour. It corrects the time on the basis of the time code received. 
It also determines whether the time-correcting switch has been 
operated or not. When the time-correction switch is operated, 
the time-data receiving apparatus 50 receives the relayed radio 
wave and then corrects the time in accordance with the time code 

15 received. 

Hence, each time-data receiving apparatus 50 can receive 
the relayed radio wave at a weakened electric- field intensity 
when the forced-switching switch of the relay device 30 and the 
time-correction switch of the time-data reqeiving apparatus 50 

20 are operated. The receiving apparatus 50 can therefore correct 
the time with accuracy. 

Various embodiments and changes may be made thereunto 
without departing from the broad spirit and scope of the invention . 
The above-described embodiments are intended to illustrate the 

25 present invention, not to limit the scope of the present invention . 
The scope of the present invention is shown by the attached claims 
rather than the embodiments . Various modifications made within 
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the meaning of an equivalent of the claims of the invention and 
within the claims are to be regarded to be in the scope of the 
present invention. 

This application is based on Japanese Patent Application 
5 No. 2002-368110 filed on December 19, 2002 and including 

specification, claims, drawings and summary. The disclosure 
of the above Japanese Patent Application is incorporated herein 
by reference in its entirety. 
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CLAIMS 

1. A time-data transmitting apparatus comprising: 
a transmission-demand signal receiving portion (37) which 
receives a weak-wave transmission-demand signal; and 
5 a transmission control portion (38,39) which transmits 

a radio wave containing time data, at a predetermined time at 
a first intensity, and a radio wave containing the time data, 
at a second intensity lower than the first intensity, when the 
transmission-demand signal receiving portion (37) receives the 
10 weak-wave transmission-demand signal. 

2 . The time-data transmitting apparatus according to 
claim 1, wherein the transmission control portion (38,39) 
transmits the radio wave containing the time data, at the second 
intensity, for a predetermined time. 

15 3 - The time-data transmitting apparatus according to 

claim 1, further having: 

a time-measuring portion (36) which measures the current 
time data; 

a radio-wave receiving portion (37) which receives a 
20 standard-time radio wave signal containing time data; and 

a time-correcting portion (31) which corrects the current 
time data measured by the time-measuring portion (36) , on the 
-basis of the time data contained in the standard-time radio wave 
signal received by the radio-wave receiving portion (37), 
25 wherein the transmission control portion (38,39) 

transmits radio wave that contains the time data based on the 
current time data measured by the time-measuring portion (36) . 
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4 . The time-data transmitting apparatus according to 
claim 1, wherein the weak-wave transmission-demand signal is 
a signal transmitted from a wristwatch (50b) . 

5 . The time-data transmitting apparatus according to 
5 claim 1, wherein the time data contained in the radio wave 

represents time in minimum units of minutes. 

6. The time-data transmitting apparatus according to 
claim 1, wherein the predetermined time is a one-minute interval . 

7 . The time-data transmitting apparatus according to 
10 claim 3, wherein the radio wave transmitted from the transmission 

control portion (38, 39) is of the same frequency and same format 
as the standard-time radio wave signal. 

8 . The time-data transmitting apparatus according to 
claim 3 , wherein the radio wave transmitted from the transmission 
15 control portion (38,39) is of a frequency and format, at least 
one of which differs from that of the standard-time radio wave 
signal. 

9. A time-data transmitting apparatus comprising: 
an external operation switch (32); and 

20 a transmission control portion (38,39) which transmits 

a radio wave containing time data, at a predetermined time at 
a first intensity, and a radio wave containing the time data, 
at a second intensity lower than the first intensity, when the 
external operation switch (32) is operated. 

25 10 • The time-data transmitting apparatus according to 

claim 9, wherein the transmission control portion (38,39) 
transmits the radio wave containing the time data, at the second 
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intensity, for a predetermined time. 

11. The time-data transmitting apparatus according to 
claim 9, further having: 

a time-measuring portion (36) which measures the current 
5 time data; 

a standard radio-wave receiving portion (37) which 
receives a standard-time radio wave signal containing time data; 
and 

a time-correcting portion (31) which corrects the current 
10 time data measured by the time-measuring portion (36), on the 
basis of the time data contained in the standard-time radio wave 
signal received by the standard radio-wave receiving portion 
(37), 

wherein the transmission control portion (38,39) 
15 transmits radio wave that contains the time data based on the 
current time data measured by the time-measuring portion (36) . 

12 • The time-data transmitting apparatus according to 
claim 9, wherein the time data contained in the radio wave 
represents time in minimum units of minutes. 
20 13 - The time-data transmitting apparatus according to 

claim 9, wherein the predetermined time is a one-minute interval . 

14 . The time-data transmitting apparatus according to 
claim 11 , wherein the radio wave transmitted from the transmission 
control portion (38, 39) is of the same frequency and same format 
25 as the standard-time radio wave signal. 

15. The time-data transmitting apparatus according to 
claim 11, wherein the radio wave transmit ted from the transmission 
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control portion (38,39) is of a frequency and format, at least 
one of which differs from that of the standard-time radio wave 
signal. 

16. A time-correcting system comprising: 
5 a time-data transmitting apparatus (30) which comprises : 

a transmission-demand receiving portion (37) which 
receives a weak-wave transmission-demand signal; and 

a transmission control portion (38, 39) which transmits 
a radio wave containing time data, at a predetermined time at 
10 a first intensity, and a radio wave containing the time data, 
at a second intensity lower than the first intensity, when the 
transmission-demand receiving portion (37) receives the 
weak-wave transmission-demand signal, and 
a clock (50) which comprises: 
15 a time-measuring portion (56) which measures the current 

time; 

a transmission-demand transmitting portion (58) which 
transmits the weak-wave transmission-demand signal; 

a wave-receiving portion (59) which receives a radio wave 
20 transmitted from the time-data transmitting apparatus (30) and 
containing a time code; and 

a time-correcting portion (51) which corrects the time 
on the basis of the time data received by the wave-receiving 
portion (59) . 

25 17 • Th e time-correcting system according to claim 16, 

wherein the transmission control portion (38,39) transmits the 
radio wave containing the time data, at the second intensity, 
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for a predetermined time. 

18. The time-correcting system according to claim 16, 
wherein the time-data transmitting apparatus (30) f urther has : 
a time-measuring portion (36) which measures the current 
5 time data; 

a radio-wave receiving portion (37 ) which receives a radio 
wave containing time data; and 

a time-correcting portion (31) which corrects the current 
time data measured by the time-measuring portion (36) , on the 
10 basis of the time data contained in the radio wave received by 
the radio-wave receiving portion (37), 

wherein the transmission control portion 
(38,39) transmits radio wave that contains the time code based 
on the current time data measured by the time-measuring portion 
15 (36) . 

19. The time-correcting system according to claim 18, 
wherein the clock ( 50 ) further has a standard radio-wave receiving 
portion (57) which receives, a standard-time radio wave signal 
containing time data, 

20 wherein the time-correcting portion (51) for the clock 

(50) further corrects the current time data measured by the 
time-measuring portion (56), on the basis of the time data 
contained in the standard-time radio wave signal received by 
the standard radio-wave receiving portion (57) . 

25 20 • The time-correcting system according to claim 16, 

wherein the clock (50) comprises a band for strapping the clock 
on the arm of a user. 
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FIG. 5 
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